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Abstract 
A thermodynamic framework is presented for determining vapor-liquid equilibrium in carbon dioxide-methyldiethanolamine-
water systems. Prediction of vapor-liquid equilibrium has been performed by a modified form of electrolyte-LCVM model. The 
model incorporates electrolyte NRTL model with translated modified Peng Robinson equation of state by linear combination of 
Vidal and Michelsen mixing rule. New electrolyte NRTL parameters are reported for the aforementioned system. The predicted 
results are in good agreement with experimental data and comparable to other thermodynamic approaches, for a wide range of 
temperature, pressure, methyldiethanolamine concentration and loading values. 
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1. Introduction 
Removal of carbon dioxide from post combustion processes has become a necessity due to global warming and 
greenhouse effect. Among various chemical routes, absorption via alkanolamines is one of the technically and 
commercially proven technologies[1]. 
Abundant thermodynamic and kinetic experimental data is available at laboratory scale. Moreover, numerous 
thermodynamic modeling approaches are available for extension of laboratory scale data to industrial scale. These 
models can be divided into three types; semi-empirical models, excess Gibbs energy (GE) models and equation of 
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state/excess Gibbs energy (EoS/GE) models. Semi-empirical models show good correlation for limited range of 
loadings, but lack of theoretical agreement. 
Nomenclature 
v
if    fugacity of component, i in vapour phase 
l
if   fugacity of component, i in liquid phase 
ix    mole fraction of component, i 
T  temperature 
R  universal gas constant 
αi  individual co-volume parameter 
α  combined co-volume parameter 
λ  constant for LCVM mixing rule 
AV  constant for Vidal mixing rule 
AM  constant for Michelsen mixing rule 
modified e-LCVM
EG    excess Gibbs energy, given by modified e-LCVM 
E
NRTLG    excess Gibbs energy, given by non-random two liquid theory model 
E
PDHG    excess Gibbs energy, given by Pitzer-Debye-Huckel electrolyte model 
E
BornG    excess Gibbs energy, given by Born ion solvation model 
V  volume  
T  translated volume 
a  first co-volume parameter for translated modified Peng Robinson equation of state 
b  second co-volume parameter for translated modified Peng Robinson equation of state 
e-LCVM electrolyte linear combination of Vidal and Michelsen mixing rule 
On the contrary, other two types are rigorous in nature but require large number of adjustment/interaction 
parameters. Moreover, GE models are limited to low and medium pressure region whereas, EoS/GE models show 
good correlation at high pressures and vice versa. Nevertheless, these models help in resource savings and data 
validation. A detailed review and selection criteria for these approaches is available elsewhere [2]. 
The earliest known models for carbon dioxide-alkanolamine-water system that employed semi-empirical 
approaches is Kent-Eisenberg model[3]. The model was improved by various researchers [4-7].  It was 
computationally simple and fairly accurate but showed large deviations as noted by various researchers[8, 9]. 
Deshmukh and Mather [10] laid a cornerstone for GE models for the discussed system. The model was improved by 
incorporation of local composition models [11-13]. The models were further improved for high pressure equilibria 
by inclusion of electrolyte equation of state and mixing rules. Solbraa et al.[9] introduced Huron-Vidal mixing rule 
for good correlation of experimental values. However, model used different interaction parameters at different 
temperatures. Vrachnos et al. [14, 15] developed electrolyte linear combination of Vidal and Michelsen (e-LCVM) 
mixing rule to acid gas-alkanolamine-water systems. The model employed translated modified Peng-Robinson 
(tmPR) equation of state (EoS) [16] with extended UNIQUAC model [17] for determination of activity coefficient, 
in conjunction with Pitzer-Debye-Huckel electrolyte model [18]. The model showed excellent correlation for high 
pressure VLE for acid gas absorption in monoethanolamine (MEA) and N-methyldiethanolamine (MDEA) solutions 
but requires large number of regression/interaction parameters. This work is an extension of e-LCVM, which 
replaces extended UNIQUAC model [17] with electrolyte Non Random Two Liquid (NRTL) model [19], due to 
their better dependence upon experimental values and lower number of regression parameters. Translated modified 
Peng-Robinson equation of state defines the physical forces for the discussed system. The proposed model is called 
modified e-LCVM, hereafter.  
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2. Thermodynamic Framework 
The phase equilibria for all species are calculated by equating the fugacity in liquid and vapor phases as shown in 
Eq. (1). Both values are calculated by modified e-LCVM model. The ionic species are assumed to be non-volatile. 
v l
i if f  (1) 
2.1. Modified e-LCVM Model 
The model comprises of a modification to e-LCVM EoS/GE[15] model for solutions consisting of polar, ionic and 
electrolytic species of CO2-MDEA-H2O system and given in Eq. (2). 
 
modified e-LCVM1 1. . .ln .
E
i i i
i iV M M i
G b
x x
A A RT A b
O O OD D§ · § ·    ¨ ¸ ¨ ¸© ¹ © ¹¦ ¦  (2) 
 
modified e-LCVM
EG is the excess Gibbs energy and defined as mentioned in Eq. (3); 
modified e-LCVM
E E E E
NRTL PDH BornG G G G    (3) 
The translated modified Peng-Robinson (tmPR) EoS explains the physical forces, as shown in Eq. (4). 
( )( ) ( )
RT aP
V t b V t V t b b V t b
          (4) 
2.2. Modified e-LCVM Model Parameters 
All of the input parameters for modified e-LCVM were taken from literature .The values of translation term and 
pure component values were taken from Magoulas et al. [16] and Boukuvalas et al. [20]. The equilibrium constants 
for VLE and base-case NRTL parameters were taken from Posey et al. [21]. The interaction parameters of 
electrolyte NRTL model were regressed to experimental data (given in Table 1) and are given in Table 2. 
Table 1: Sources of Experimental Data for CO2-MDEA-H2O System 
Researcher NDP Temperature (K) Pressure (KPa) MDEA conc. (wt%) 
Sidi-Boumedine, et al. [22] 46 298.15 – 338.15 113 – 4560 25.73, 46.88 
Chakma and Meisen [23] 76 373.15 – 453.15 103 – 4930 19.8, 48.9 
Dawodu and Meisen [24] 12 373.15 – 393.15 162 – 3832 48.9 
Jou, et al. [4] 59 298.15 – 393.15 101 – 6630 23.34, 48.9 
Ma'mun, et al. [25] 34 328.15 – 358.15 118 – 813 50 
Mathonat, et al. [26] 6 313.15 – 373.15 2000 – 5000 30 
Shen and Li [27] 22 313.15 – 373.15 124 – 1979 30 
Silkenbäumer, et al. [28] 6 313.15 223– 4080 30 
 
Table 2: Electrolyte NRTL binary parameters for CO2-MDEA-H2O system 
Molecule-Molecule A B Ion Pair-Molecule A B 
MDEA-H2O 49.29 27.65 H2O (MDEAH+, HCO3-) 8.603 0.000 
H2O-MDEA 32.42 -15.31 (MDEAH+, HCO3-) H2O -12.54 452.4 
CO2-H2O  -293.6 20.69 MDEA (MDEAH+, HCO3-) 16.04 -241.8 
H2O-CO2 -34.81 26.49 (MDEAH+, HCO3-) MDEA 1.254 -6073 
CO2-MDEA 7.048 111.1 (MDEAH+, CO3-2) MDEA -14.26 2635 
MDEA-CO2 51.74 12.75 (MDEAH+, OH-) H2O -21.52 14.25 
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All other water-ion pair and ion pair-water parameters were fixed at default values of 8.0 and -4.0, respectively. 
All alkanolamine-ion pair and ion pair-alkanolamine binary parameters and all acid gas-ion pair and ion pair-acid 
gas binary parameters were fixed at values of 15.0 and -8.0, respectively. 
3. Results and Discussion 
Figures 1 and 2 represent the correlation of modified e-LCVM for CO2-MDEA-H2O system with experimental 
data from Sidi-Boumedine et al. [22] and Jou et al. [4], respectively. As shown, the proposed model shows excellent 
results for a wide range of temperature and pressure for alkanolamine concentrations. 
 
Figure 1: Correlation of modified e-LCVM for CO2 absorption in 25.73 wt% MDEA solution [22] 
 
Figure 2: Correlation of modified e-LCVM for CO2 absorption in 2M MDEA solution [4] 
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Table 3 presents a comparison of average absolute percentage deviation (AAD %) for prediction of proposed 
model against other thermodynamic approaches for CO2-MDEA-H2O system, which shows that proposed approach 
predict with comparable accuracy. 
Table 3: Comparison of thermodynamic approaches for CO2-MDEA-H2O system 
Researcher 
 Absolute Average Deviation (%)* 
Number of Data 
Points 
Kent-Eisenberg 
[29] 
Modified e-
LCVM 
e-LCVM 
[15] 
Electrolyte 
NRTL [30] 
Number of adjustment parameters 2 24 74 40 
Sidi-Boumedine, et al. [22] 46 11.5 16.5 15.6 7.00 
Chakma and Meisen [23] 76 15.6 23.1 24.2 31.5 
Dawodu and Meisen [24] 12 11.4 7.8 8.90 13.3 
Jou, et al. [4] 59 23.6 17.6 17.8 48.6 
Ma’mun, et al. [25] 34 12.3 7.8 6.50 6.50 
Mathonat, et al. [26] 6 15.1 15.8 16.4 26.8 
Shen and Li [27] 22 11.8 13.8 18.4 15.4 
Silkenbäumer, et al. [28] 6 26.4 32.1 34.9 52.6 
Overall  261 15.98 17.25 17.81 25.98 
*AAD % for modified e-LCVM, e-LCVM and electrolyte NRTL models are in pressure terms, whereas AAD % for Kent-Eisenberg model 
is in loading values. 
4. Conclusions 
The vapor – liquid equilibrium of carbon dioxide-MDEA-water is modeled, using a modified e-LCVM EoS/GE 
model. The modified e-LCVM is an extension of e-LCVM model by Vrachnos et al. [15] and uses electrolyte NRTL 
model in conjunction with tmPR equation of state, for good correlation across a wide range of process parameters. 
The results are in good agreement with experimental data and new interaction parameters for electrolyte NRTL 
model are reported. The results are slightly improved as compared to parent e-LCVM model and comparable to 
other thermodynamic modeling approaches. 
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